
S3: Risks of Everyday Activities1

Global Assumptions2

In analyzing the risks of everyday situations, in addition to the usual input parameters of breathing rate,3

volume, and so on, we make a few global assumptions:4

• Source strength: we use the averages from the case studies of 10 quanta/h for breathing and 4605

quanta/h for talking.6

• Mask effect: For mask efficacy, we assume that masks block 71% of outgoing viral particles [1] and7

50% of incoming particles, so that masks worn by both infected and susceptible individuals reduce8

the overall inhaled viral particles by ∼85%.9

• Filtration effect: assume that we have a filter that exchanges the air at a rate R (i.e. passes the air in the10

room through the filter at R times per hour), and that each pass through the filter reduces the amount11

of the virus by a factor Q < 1. For example, if a filter removes 90% of virions on each pass, Q = 0.1; a12

HEPA filter, which removes 99.97% of particles, has Q = 0.0003. In the limit that the filter airflow is13

weak and the room remains well-mixed at all times, the filter is equivalent to adding an amount R (114

- Q) to the air exchange rate and λ3 = R (1 - Q). However, if the filter airflow is sufficiently powerful15

that the filtration time is small compared to the mixing time, then after time t, the number of times16

through the filter is R t and the viral reduction factor is QR t = exp(R ln(Q) t) = exp(-λ3 t) -- i.e. λ3 = -R17

ln(Q) [2].18

Representative Values of Air Exchange Rate λair19

The air exchange rate λairvaries depending on the setting.20

Residential homes can be quite “tight”, meaning that air may turn over less than one time per hour: the21

EPA recommends using λair = 0.45/h (i.e. the air turns over every ∼1/0.45 ∼ 2 hours) for residential22

homes broadly [3], while the California Department of Public Health recommends using λair = 0.23/hr23

based on measurements in newer homes, which tend to have better insulation and less air exchange with24

the outside [4].25

Office buildings and institutional buildings usually have higher air exchange rates – circa 1.0/h in26

schools [5], dormitories, etc; the EPA recommends a mean value of 1.5/h for nonresidential buildings [3].27
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Motor vehicles typically have high air exchange rates. A relatively modern car with the windows closed28

and vent off was measured to have an ACH of ∼1.8/h when stationary, 5.6/h at 35 mph, and 13.5 at 5529

mph. With higher outside ventilation, these figures climb to 10.7/h, 35.7/h, and 55/h [6, 7]. Measurements30

when vehicles are traveling with air in “recirculate” mode find that when vehicles are traveling 60 km/h31

(∼37 mph), ACH range from ∼2.5 to ∼5.5 [8]. Note, however, that in tour buses, particularly those with air32

set to recirculation mode, the air exchange rates have been characterized as “severely lacking,” so that33

buses may have significantly lower ACH if the windows are closed and the vents are closed [9].34

Airplanes have 20-30 air exchanges per hour, about half of which is recirculated air, and half of which is35

outside air. Note that the recirculated air generally will pass through a strong filter (e.g. a HEPA filter,36

which eliminates ∼99+% of viruses per pass (i.e. is very similar to fresh air) [10]. American Airlines, for37

instance, claims that the cabin air recirculates every 2-4 minutes through a HEPA filter which eliminates38

99.97% of particles, including viral particles [11]. Recent measurements of dispersed aerosols on widebody39

Boeing aircraft are in agreement with this air change rate, finding 32-35 air changes per hour [12].40

Calculated Risks41

The details of each scenario are shown in the Supporting Information Spreadsheet S5 (tab "Scenario Cal-42

culator") in the Supporting Information, and the summary risks are shown in Table 1. In cases with small43

numbers of people (e.g. office, classroom), we assume a single index patient; in cases with large numbers44

of people (grocery, airplane), we assume a number of index patients dependent on an infection rate and the45

venue capacity. In each case,we present the probability of infection assuming the index patient(s) spends46

some time breathing and some time talking-- for instance, in an office, talking 15% of the time. We make47

several comments about the calculated risks:48

• The risk figures here apply only to the original variant and are necessarily imprecise because quanta49

emission rates are not known with certainty and may vary from person to person. The infection50

probabilities for many of the scenarios (dinner party, office, classroom, taxi) are conservative because51

they assume the presence of an infected individual; the absolute risks need to be multiplied by the52

infection prevalence rate. Furthermore, the quanta underlying the probabilities correspond to times at53

or close to peak infectivity, within 1 day of peak viral load; the risks will likely be much lower earlier54

and later. On the other hand, our calculations only take into account the risks of aerosol transmission55

and attribute no risk to larger droplets or fomites, which may be significant in cases with close contact.56
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Our calculations also neglect infection via aerosol exposure to the eyes, which may also play a role.57

• Nonetheless, the broad trends across the various scenarios emphasize the importance of the key vari-58

ables for aerosol transmission: the amount of talking versus breathing, the presence or absence of59

masks, the number of air changes per hour, the interaction time, and the volume through which the60

aerosols spread.61

• Household interactions, as modeled by the “Dinner Party” scenario, are particularly risky for aerosol62

transmission, with an estimated 2/3 probability of an infected person passing on the disease. Air63

exchange rates tend to be low (∼1x/hr or less) in most residential settings, and home dwellers are64

both unmasked and speak frequently. Even a one-hour dinner among a family with one infected65

individual would have a 22% risk of transmission under the same assumption. Considering the66

additional risk of droplet transmission, it is unsurprising that household attack rates of greater than67

50% have been observed [13].68

• The volume of the space in question matters. Very large volumes, such as grocery stores, pose little69

risk for a visitor (but more substantial integrated risk to an employee over many days)–despite the70

statistical likelihood of one or more infected persons present in the store (we note, however, that the71

well-mixed approximation is unlikely to be strictly correct in this case). Conversely, a taxi ride is72

typically short but presents an extremely small volume (∼3 m 3), so if not well ventilated, the risks73

are intermediate, at 5%, even if all parties are masked. Unmasked sharing increases automobile risks74

dramatically (including droplet risk, which is not modeled here), as emphasized by a recent case of75

six unmasked UK National Health Service nurses becoming infected through ride sharing [14].76

• Very strong air filtration can offset small, dense conditions, as in the case for commercial aircraft,77

where we assume 25 air changes per hour and calculate a <1% risk of infection for a 5 hour flight78

from aerosols, assuming passengers are masked. This low risk of aerosol infection is in line with79

other recent studies [12, 15]. We emphasize, however, that this calculation also likely underestimates80

the risk of infection: not only does it assume perfect mask compliance and neglect the effect of close-81

range droplet transmission/fomites, but also, aircraft have strong airflows so that the well-mixed82

assumption is not met. Studies of airplane transmission show a strong spatial dependence in attack83

rate [16–18]; the effective volume that is well-mixed is smaller than the assumed total cabin volume84

[19].85
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• The relative risk of a school classroom versus an indoor dining venue presents an interesting compar-86

ison. Indoor dining presents a larger volume and slightly higher air exchange rate than a household87

dinner party, but due to the unmasked interactions and likelihood of talking, we find a ∼9% risk of88

transmission for a visitor (an employee is at much higher risk), assuming the presence of a single89

infected person (which is likely for a restaurant with a daily throughput of 100 or more patrons). As90

discussed above, a classroom can be either quite unsafe (27% chance of transmission) or quite safe91

(1% chance of transmission), depending on masking and air exchange; in addition, unlike restau-92

rants, schools have a greater ability to prevent potentially infected students from entering, through93

e.g. daily health attestations. Finally, we note that we assume that the class time is unusually long (694

hours), as some schools are attempting to create isolated pods of students.95

Table 1: Summary Risks by Scenario. Each scenario assumes a certain percentage of time breathing
versus talking, as well as the use, or not, of masks and filters. See the spreadsheet S7 (tab "scenario
Calculator") in Supporting Information for the detailed assumptions of each scenario; these assumptions
can be changed by the interested reader.

Assumptions p(infection)

Case # infected present Masks % time talking Filter Efficiency Scenario

Dinner Party 1 No 25% (no filter) 66.8%

Bad Office 1 No 15% (no filter) 24.1%

Good Office 1 Yes 15% 90% 0.8%

Bad Classroom 1 No 5% (no filter) 27.3%

Good Classroom 1 Yes 5% 80% 1.2%

Taxi 1 Yes 5% (no filter) 4.9%

Grocery Shopping [20] 2 Yes 5% (no filter) 0.01%

Commercial Flight 2 Yes 15% 99% 0.4%

Indoor Dining 1 No 33% (no filter) 8.8%
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